Background High calorie intakes,
The increased load of carbon dioxide must be eliminated predominantly by the lungs, and people with normal lungs do this easily. 6 Patients with chronic obstructive lung disease, who are prone to hypercapnia, are less able to excrete this load, and the optimal management of these patients may involve a shift from a diet that is predominantly carbohydrate to one with a greater proportion of fat. The net effect of such a change should be a lower Vco2 and a reduced tendency to hypercapnia, possibly with symptomatic benefit in terms of improved exercise tolerance.
This The results ofthe effects ofthe calorific drinks on respiratory gas exchange, arterial blood gas tensions, lung function, and six minute walking distance are summarised in table 2.
Vco2 increased by 25 7% (5-4%) after Ensure-plus and by 17-7% (4-1%) after Pulmocare; the difference between the two was highly significant (p < 0-001). VO2, VE, and RQ also increased after each drink and the increase in all these was significantly greater after Ensure-plus than Pulmocare. Pao2 increased by a small amount after both drinks-that is, by 3.9% (2-7%) after Ensure-plus and by 2-4% (1-7%) after Pulmocare-but the difference between the two was not significant. Paco2 increased by 1-3% (1-1%) after Ensure-plus and by 0 1% (0-5%) after Pulmocare; this difference was significant (p < 0 02).
EFFECT OF TEST DRINKS ON WALKING DISTANCE AND BORG SCORES
The mean six minute walking distance decreased significantly after Ensure-plus (by 8-2% (3-7%)) but not after Pulmocare (by 1*2% (2.5%) ); the difference between these two was highly significant (p < 0-001).
The decrease in six minute walking distance after Ensure-plus was significantly correlated with the increase in Vco2 (r = 0-56, p < 0 02), whereas there was no significant correlation between the two variables after Pulmocare (fig 1) . The six minute walk before the test drinks resulted in similar increases in Borg scores on all three test days (table 3) . There were no significant changes in resting Borg scores after the test drinks. The six minute walk after Ensure-plus resulted in a greater increase in Borg score (6-1 (0-9)) than that obtained after Pulmocare (4-9 (0-8) ) or the control drink (4-8 (0-6) ). The increase in Borg score following the six minute walk after Ensure-plus was significantly correlated with the increase in VE (r = 0-51, p < 005) and the increase in VCo2 (r Relation between increase in carbon dioxide production (Vco2) andfall in six minute walking distance after the carbohydrate rich drink Ensure-plus in IO patients with chronic obstructive lung disease.
= 0A49, p < 0 05) seen immediately before six minute walk.
DURATION OF CHANGES AFTER TEST DRINKS
The increases in Vco2 of one subject (cas 15 13-1%, 4-8%, and 0 3% respectively. associated decreases in six minute wali distance at 30 minutes and one, two, and tl hours after Ensure-plus were 7 1%, 5-' 1-3%, and 0-2% respectively and equivalent values 30 minutes and one, two, three hours after Pulmocare were 0-8%, 0-' 0-4%, and 0 1% respectively.
EFFECT OF BRONCHODILATORS ON GAS EXCHA AND EXERCISE TOLERANCE
Apart from small increases in Vco2 (2-1 / one hour, 1-7% at two hours) and T02 (1-40 one hour, 0-9% at two hours), there were definite changes in gas exchange or six miu walking distance after the patient's nor drug treatment, which consisted of nebul salbutamol and oral slow release ami phylline.
EFFECT OF NON-CALORIFIC DRINK
There were no significant changes in any of variables following the non-calorific ci (table 2) . The baseline values ofall the varia were similar on the three test days.
Compared with the non-calorific control drink, Pulmocare resulted in significant increases in VE (p < 0-002), Vco2 (p < 0.001), V02 (p < 0 005), and RQ (p < 0-05), whereas the changes in Pao2, Paco2, six minute walking distance, Borg scores, FEVI, and FVC were similar.
Discussion
This study shows that carbohydrate rich loads may increase Vco2, Vo2, RQ, and Paco2 and decrease exercise tolerance to a greater extent than fat rich loads of identical calorific value in patients with chronic obstructive lung disease. Gas exchange was measured 30 minutes after 35 finishing the test drinks because (a) our preliminary studies showed that the peak Vco2 occurred around this time; (b) previous similar studies in normal subjects6 and patients with chronic obstructive lung disease4' used this protocol; (c) a previous study in cats showed that peak postprandial Paco2 occurred at this time12; and (d) the peak RQ after an oral sugar the load also occurs around 30 minutes postprandially.'3 14 The perceived effort to breathe (the Borg score) following a six minute walk also in-;e 6, creased more after the carbohydrate rich than hiree the fat rich load. The decrease in exercise 3%, tolerance and increase in Borg score both the correlated with the increase in Vco2 after the and carbohydrate rich load. In the patient who was 9%, studied for several hours after the carbohydrate The rich load the changes in Vco2 and six minute king walking distance persisted for at least two iree hours. Although the changes seen after the 7%, calorific drinks were generally small, in a few the patients they were substantial and may have and important clinical implications for the diet and 7%, timing of meals in such patients.
In The results of our study show that forms of exercise other than the maximal stress imposed by cycle ergometry may also be impaired and that such submaximal exercise may be more relevant to the abilities and normal exercise tolerance of severely limited patients. Moreover, the reduction in exercise tolerance was significantly worse after the carbohydrate rich than the fat rich load. This suggests that even relatively small changes in the constitution of meals, in terms of carbohydrate and fat, may have significant effects on exercise tolerance and breathlessness in patients with severe chronic obstructive lung disease.
There are several possible mechanisms by which a carbohydrate load may decrease exercise performance. Changes in the proportion of fat and carbohydrate metabolised will alter respiratory gas exchange and ventilation, with carbohydrate loads causing an increase in both Vco2 and RQ.68 " " We suggest that the decrease in walking distance in our patients occurred because ventilation at any given walking pace increased more, with a greater rise in Vco2, after the carbohydrate rich meal than the fat rich meal. Although ventilation during the six minute walk was not measured in our study, consistently greater increases in resting ventilation occurred immediately before the six minute walk after the carbohydrate rich meal.
Significant increases in VE have been reported during cycle ergometry after a pure carbohydrate meal. '7 The Borg score of the perceived effort to breathe increased significantly more at the end of the six minute walk after the carbohydrate rich meal than after the fat rich meal. In addition, the increase in Borg score was significantly correlated with the increase in both resting VE and Vco2 after the carbohydrate rich but not the -fat rich meal. The Borg score correlates well with minute ventilation during exercise, both in patients with chronic obstructive lung disease'8 9 and in normal subjects20
and our findings are consistent with this. Although the changes in exercise tolerance and breathlessness in our patients were generally small (maximum fall in six minute walking distance 15%, maximum increase in Borg score 14%), the combination of feeling more breathless and attaining a lower level of exercise may in some patients be of substantial clinical importance.
Various drugs used in the treatment of patients with chronic obstructive lung disease, including fi2 agonists and methylxanthines, can increase Vco2 and Vo2,2' but there was only a small and insignificant increase in these measurements in our patient two hours after taking his normal treatment. Such small changes are unlikely to have contributed to the substantial changes seen after the calorific drinks. All drug treatments were taken at the same time before each study, further reducing the risk of any drug effect. Several studies have emphasised the frequency of malnutrition in patients with chronic obstructive lung disease,22 23 as well as its adverse effects on the respiratory system.2425 As a result, there has been much interest in trying to replete malnourished patients with the disease.2627 Our results show that vigorous attempts to treat malnutrition in patients with chronic obstructive lung disease, particularly with large carbohydrate rich meals, may produce adverse effects on respiratory gas exchange, exercise tolerance, and breathlessness, and we suggest that such factors should be carefully monitored in these patients. Physicians attempting nutritional support in patients with chronic obstructive lung disease should be aware that even comparatively small changes in the constitution of their meals, in terms of both total calories and the proportions of carbohydrate and fat, may have important effects. Further work should attempt to establish the optimal and safest feeding regimens for patients with and without carbon dioxide retention in both stable and acute conditions.
